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Importance	of	Coral	Reefs	
Coral reef ecosystem goods & services valued at ~$400 billion annually 

ARC Centre of Excellence for Coral Reef Studies/Marine Photobank 

Tradi.onal	Culture	&	Food	 $Mul.billion	Recrea.on	Industry	

Unattributed 

Major	Locus	of	Global	Biodiversity	

Eric J Hochberg 

Shoreline	
Protec.on	
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Threats	to	Coral	Reefs	

Travis Thurston 

Overfishing & Destructive Fishing 

Reefbase / T. Heeger 

Coastal Development & Pollution 

Coral Bleaching 
Elvidge et al. (2004) 

Ocean Acidification 
Hoegh-Guldberg et al. (2007) 

Disease 

Rogers et al. (2005) 

Among others... 



Concern	for	Reef	Futures	

Reef degradation manifests as ecological phase shift from... 

...diverse, productive, and 
coral-rich, to... 

...low diversity, low productivity, 
and coral-poor. 



Coral	Reef	Assessment	

Transects: detailed, laborious, 
small footprint 

“Manta-Tow”: quick, semi-quantitative, 
 larger footprint 

Reef Check Foundation 

Most surveys are very sparse, undersampling reef 
 area across local and regional scales 5	
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Coral	Reef	Condi.on	
The most common metric for reef condition is proportional cover of benthic types, 
primarily coral. 

Existing survey data (US Caribbean, Hawaii, Great Barrier Reef) do not follow expected 
trends with respect to environmental factors. For example, coral cover should increase 
with aragonite saturation and decrease with marine pollution. 

Either our understanding of reefs is incorrect, or our data are inadequate (low density, 
mismatched scales). Or maybe both. 6	



CORAL	Objec.ves	
Overarching Science Question (Threshold) 
Q1. What is the relationship between coral reef condition and biogeophysical forcing 

parameters? 
CORAL Science Objectives (Threshold) 
O1. Make high-density observations of reef condition for a large fraction of world's reef 

area (green in map below, 103 more than current, in situ observations). 
O2. Model relationship between reef condition and biogeophysical forcing parameters.  
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CORAL	Technology:	PRISM	
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Observables/Parameter	 CORAL	Requirements	 PRISM	Performance	

Spectral	Range	 400-800	nm	 350-1050	nm	

Spectral	Sampling	 ≤10	nm	 2.85	nm,	1242	&	1608	nm	

Radiometric	SNR	 >300	@	400-800	nm	 >	600	@	400-800	nm	

Polariza.on	Sensi.vity	 ≤1%	 <1%	

Spectral	Uniformity	
Cross-Track,	IFOV	Mixing	 >90%,	<10%	 >95%,	<5%	

Spa.al	Resolu.on	 ≤10	m	 @28kY	≤8	m	



CORAL	Technology	
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PRISM records the intensity of the wavelengths for each pixel in the scene. 
The spectral “signature” is used to identity reef composition (coral, algae, 

sand) and model primary production. 

Airborne paltform (NSF G-V and/or NASA ER-2) 



CORAL	Observa.ons	

CORAL’s first objective is to generate these products for all study areas. 
CORAL’s second objective is to analyze these products in relation to 

biogeophysical forcing parameters. 
The result will be a new understanding of how environment shapes whole 

reef ecosystems, which is vital to their conservation. 10	
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CORAL	Valida.on	
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CORAL	Science	Team	
Team	Member	 Org.	 Roles	&	Responsibili.es	

Calibra.on/
Valida.on	

Dr.	Heidi	Dierssen	 UConn	 Co-I	 Op]cal	calibra]on/valida]on	(Level	2)	

Dr.	ZhongPing	Lee		 UMB	 Co-I	 Op]cal	calibra]on/valida]on	(Level	2)	

Dr.	Eric	Hochberg	 BIOS	 PI	 Benthic	cover	calibra]on/valida]on	(Level	3)	

Dr.	Steve	Dollar	 UH	 Co-I	 Benthic	cover	calibra]on/valida]on	(Level	3)	

Dr.	Bob	Carpenter	 CSUN	 Co-I	 Benthic	community	produc]vity	&	calcifica]on	calibra]on/valida]on	(Level	4)	

Data	
Products	

Dr.	Robert	Green	 JPL	 Co-I	 Digital	Numbers	(DNs)	to	benthic	composi]on	(Levels	0-3)	

Dr.	Pantazis	Mouroulis	 JPL	 Co-I	 Digital	Numbers	(DNs)	&	radiance	products	(Levels	0-1)	

Dr.	Bo-Cai	Gao	 NRL	 Co-I	 Atmospheric	&	glint	correc]on	(Level	2)	

Dr.	ZhongPing	Lee	 UMB	 Co-I	 Water	column	correc]on	(Level	2)	

Dr.	Eric	Hochberg	 BIOS	 PI	 Benthic	cover	product;	primary	produc]vity	&	calcifica]on	products	(Levels	3-4)	

Dr.	Stéphane	Maritorena	 UCSB	 Co-I	 Primary	produc]vity	&	calcifica]on	products	(Level	4)	

Science	
Facilitators	at	
Interna.onal	
Loca.ons	

Dr.	Patrick	Colin	 CRRF	 Co-I	 Palau	liaison	

Dr.	Stuart	Phinn	 UQ	 Collaborator	 Great	Barrier	Reef	liaison	

Dr.	Arnold	Dekker	 CSIRO	 Collaborator	 Great	Barrier	Reef	liaison	
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water depth (H), and water 
column inherent optical 
properties (IOPs). 
Assignment of Rb into Level 
3 BC classes (i.e., coral, 
algae, sand) uses standard 
multivariate classification 
based on an extensive 
spectral library (Spec Lib, 
developed by the PI). Every 
BC is assigned a light-use efficiency (LUE, from a look-up table developed by the PI), which is 
coupled with downwelling irradiance (Ed, developed from AVHRR, MODIS, or VIIRS) for 
modeling the L4 products gross primary productivity (P) and calcification (G). Figure 2-4 
provides examples of CORAL L1–L4 products. 

CORAL will use the well-developed ATREM (ATmospheric REMoval) algorithm (Gao et al. 
2000; Gao et al. 2007) to account for light scattered into the CORAL signal path by aerosols and 
gas molecules, as well as for light absorbed by ozone, water vapor and trace gases. LTOT(geo) 
will be converted to at-sensor reflectance (RTOT) for calculations. Near-infrared channels will 
characterize both the intensity and color of atmospheric scatter and absorption. The spectral 
contrast of the scatter indicates the aerosol type from which potential aerosols models are 
selected. Using the optical properties of the selected aerosol models, Ratm at the visible CORAL 
wavelengths will be obtained from lookup tables based on radiative transfer calculations. These 
values will be subtracted from RTOT, and the difference will be scaled to adjust for absorption 
effects. The result will be reflectance of the sea surface (Rw + Rg). Rg will also be estimated at 
near-infrared wavelengths where the ocean is black (Hochberg et al. 2003a; Hedley et al. 2005). 
Subtracting Rg leaves Rw, which serves as the input to the water column correction algorithm. 

Water column corrections account for variable and unknown water depths, water optical 
properties, and reef surface composition. The CORAL algorithm will be centered on the 
optimization approach developed by Lee and coworkers (Lee et al. 1998; Lee et al. 1999; Lee et 
al. 2001; Lee and Carder 2002; Lee et al. 2007). The Lee inversion approach will generate three 
outputs: H, IOPs, and Rb, the latter being the L2 product used for mapping BC (L3) and 
determining P and G (L4). 

The actual identification of reef 
surface spectral reflectance as coral, 
algae, or sand will be based on a 
quadratic maximum likelihood 
classifier built using our library of 
>30,000 spectra measured on reefs 
around the world. Spectral 
differences between these three 
fundamental bottom-types are not 
subtle (Hochberg and Atkinson 
2000, 2003; Hochberg et al. 2003b; 
Hochberg et al. 2004). The 
information contained in CORAL 
spectral image data can be used to 
detect coral with an accuracy of 
97% (see Hochberg and Atkinson 
2003, Figure 4). 

CORAL will model L4 products 
P and G following the light-use 
efficiency approach described in 
Hochberg and Atkinson (2008): 

Figure 2-3. CORAL processing flow and data products. Symbols explained in text.

Figure 2-4. Example CORAL L1–L4 products for a section of Kaneohe 
Bay, Hawaii, based on AVIRIS data. Yellow box in L1 is area shown in 
L2–L4. L3 and L4 products are integrated to the reef scale for analysis 
against biogeophysical parameters (§2.2.3). 
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CORAL	Schedule	
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